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Abstract 
One of the important requirements in image retrieval, indexing, classification, clustering and etc. is extracting 
efficient features from images. The color feature is one of the most widely used visual features. Use of color 
histogram is the most common way for representing color feature. In this paper color features extraction based on 
QuadHistogram is presented. The quadtree decomposition is applied on the images and homogenous blocks with 
different size are specified. Color histogram and complexity of blocks of the same size are extracted. The image 
retrieval results in compare to global color histogram show the acceptable efficiency of this approach.  
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1. Introduction 
Color, texture and shape are the most common visually features[1]. These features are independent of 
specific domain and can used in general systems of retrieval images[2]. The color feature is the first and 
one of the most widely used visual features in image retrieval and indexing[3]. The most important 
advantages of color feature are power of representing visual content of images, simple extracting color 
information of images and high efficiency, relatively power in separating images from each other[4], 
relatively robust to background complication and independent of image size and orientation[2,5,6]. 
A quadtree is a tree data structure in which each internal node has exactly four or no children. 
Quadtrees are most often used to partition a two dimensional space by recursively subdividing it into four 
quadrants or regions. This data structure was named a quadtree by Finkel and Bentley [7].  
 
*-Corresponding author. Tel.: +98-913-242-54-98;. 
E-mail address: fatemeh.alamdar@student.alzahra.ac.ir.  
2011 3rd International Conference on Environmental 
Science and Information Application Technology (ESIAT 2011)
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Conference ESIAT2011 Organization Committee.
Open access under CC BY-NC-ND license.
1878-0296 © 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Conference ESIAT2011 Organization Committee.
Open access under CC BY-NC-ND license.
778   Fatemeh Alamdar et al. /  Procedia Environmental Sciences  10 ( 2011 )  777 – 783 
Quadtree decomposition is a technique for image representation at different resolution levels[8]. This 
representation is used in binary image at first[9] an then in gray[8] and color image[10]. The quadtree 
decomposition is often used for image compression[11-13,8] and calculating of image complexity [14-16] 
and in some cases it is used for extracting features[17,18]. 
The color histogram method introduced in [19] has shown to be very effective and simple to 
implement. Use of color histogram is the most common way for representing color feature[20]. Despite of 
some drawbacks, color histogram had been used in many researches and great efforts were done for 
overcoming it’s weakness [21-26]. One of disadvantage of the color histogram method is that it is not 
robust to significant appearance changes because it does not include any spatial information[22]. Several 
schemes including spatial information have been proposed. Pass et al. [27] suggested classifying each 
pixel as coherent or no coherent based on whether the pixel and its neighbors have similar colors. Then, a 
split histogram called color coherence vector (CCV) is used to represent this classification for each color 
in an image. Huang[23] proposed a color correlograms method, which collects statistics of the co-
occurrence of two colors some distances apart. A simplification of this feature is the autocorrelogram, 
which only captures the spatial correlation between identical colors. In [23-26] respectively introduced 
annular color histogram, spatial-chromatic histogram (SCH) and geostat to describe how pixels of 
identical color are distributed in the image. Sun et al. [22] propose a color distribution entropy(CDE) 
method, which takes account of the correlation of the color spatial distribution in an image. 
Another way is to divide the image into different regions and calculate color features for each 
region[28-30]. Dividing image into subimages (blocks) and extracting useful information from these 
blocks is a way for improving color histogram and attending to homogenous blocks seems to be effective. 
In this paper color features extraction based on QuadHistogram is presented. The quadtree decomposition 
is applied on the images and homogenous blocks with different size are specified. Color histogram and 
complexity of blocks of the same size are extracted. The results are demonstrated by image retrieval and 
QuadHistogram in compare to global color histogram show the acceptable efficiency of this approach. 
The rest of the paper is organized as follows. A short discussion on color histogram and quadtree 
decomposition is presented in Section 2 and 3. Section 4 describes the proposed feature extraction. 
Section 5 details the similarity measurement. Experimental results are demonstrated in Section 6. Finally, 
a conclusion is given in Section 7. 
2. Color Histogram 
A Histogram counts the number of pixels of each kind and can be rapidly created by reading each 
image pixel just once and incrementing the appropriate bin of the histogram. Color histogram are 
relatively invariant to translation, rotation about the imaging axis, small off-axis rotation, scale changes 
and partial occlusion[19]. 
3. Quadtree 
The quadtree decomposition is based on successive subdivision of the image block into quadrant 
depending on the complexity of the block. If a subimage is not a homogeneous block, it is subdivided into 
four equal sized subimages again until all the subimages are homogeneous block[17]. This subdivision is 
shown in Fig. 1(a). A subimage is called a homogeneous block if the maximum value of the block 
elements minus the minimum value of the block elements is greater than its respective threshold. 
Quadtree decomposition method for RGB image of size 3uu NM  uses three thresholds for red, green 
and blue blocks. The quadtree decomposition algorithm, firstly Converts the image in size of NM u  
into a MM cuc square image. The M c is a number greater than the larger one between M and N and 
in order of 2 and multiple of n, where nnu  is the size of smallest homogeneous block.  
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Fig. 1. (a) Quadtree subdivision; (b) Original image; (c) Quadtree decomposition of image b 
Fig. 1(b,c) shows an image and its Quadtree decomposition. This image is in size of 384x256 and for 
Quadtree decomposition is converted to the 512x512 image ( n  is one). Then Quadtree decomposition is 
applied. Fig. 1(c) is the quadtree decomposition result of image 1(b) after removing added free spaces. It 
is clear that the block size of complex area is smaller than that of monotone area of the image. 
4. Feature extraction 
Firstly, the images are resized into 128x128 pixels, because it makes better results in experiments and 
running time reduced. Then Quadtree decomposition is applied. We used 165 for R, G, B threshold. 
Because all images are in the size of 128x128, there are 8 block levels (28-1=128). Since blocks of size 1x1 
are very sensitive to noises, omitted. Whereas a 128x128 block contains whole of the image and few 
images are such homogenous, does not take into account and calculating global color histogram is enough. 
For other block levels, color histogram is calculated. For extracting color histogram, at first, the RGB 
color space is converted to HSV color space. The color histogram is calculated based on MPEG-7 
Scalable color[31]. The color space is uniformly quantized into 16 levels of hue, 4 levels of saturation and 
value giving a total of 256 bins. To lower this number and make the application scalable, the histogram is 
encoded using Haar transform. Usage of subset coefficient in Haar representation is 64 bins. Global color 
histogram is constructed for all images. 
For computing complexity of images, the homogenous number of blocks that cannot be subdivided 
more is calculated for every level. Table 1 shows the complexity of image depictured in Fig. 1(b) and 
maximum number of blocks for all levels of it. 
5. Similarity measurement 
For measuring dissimilarity, the following distance is used: 
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I  is an image in the database and Q  is the query image. bh  is the histogram for thb  levels of Quadtree 
blocks for Lb ,...,2,1 , where L  is the last level. Here L  is 8 and bh  can be 
118646421281281 ,....,, uuu    hhhhhh . bh  is normalized as follows: 
(a) (c)
(b) 
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Table 1. Complexity of image depictured in Fig. 1(b) 
Block levels Blocks Size Number of Blocks Max number of Blocks 
1 512x512 0 1 
2 256x256 0 4 
3 128x128 1 16 
4 64x64 5 64 
5 32x32 25 256 
6 16x16 82 1024 
7 8x8 167 4096 
8 4x4 205 16384 
9 2x2 213 65536 
10 1x1 28 262144 
 (2) 
bbb
b
b SNM
hh
ucuc
c
  
where bhc  is the unnormalized histogram for thb  level of blocks with the size of bb NM cuc  and bS  is 
the number of homogenous blocks in this level (it’s complexity). 
bWh  is the weight of bh and we selected the unnormalized as 
)0,4.0,9.0,2.0,05.0,05.0,5.0,0( cbhW and this weight is normalized according to the existence of 
blocks as follows: 
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K  is the number of histogram bins. h  is the global color histogram. bWs  is the weight of bS  and is 
for normalizing it respected to maximum number of blocks in the levels (see table 1). 11 ,ED  are the 
combination relation of bh  with h  and ED ,  are the combination relation of histogram with complexity 
and 1,111    EDED . We defined EDED    11 . 
6. Experimental Results 
In this section, the results of QuadHistogarm is demonstrated by image retrieval and this results are 
compared with color Histogram results. Experiments were carried out by using SIMPLIcitya[32] database 
of 1000 images which included 10 categories of Africa people, Beach, Buildings, Buses, Dinosaurs, 
Elephants, Flowers, Horses, Mountains, Food. Every category contains 100 images. For comparing, every 
100 of these categories was chosen as query image and the retrieval results of using only histogram and 
histogram powered by image complexity and QuadHistogram had been calculated. The retrieval accuracy 
was measured in terms of the Recall, Precision rate. 
 
 
a available at  http://wang.ist.psu.edu/~jwang/test1.tar 
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Fig. 3. Precision/Recall graph for (a) Dinosaurs; (b) Buses; (c) Food categories 
Image categories are visually different in clutter of scene, for example: Dinosaurs have simple images, 
Buses contains acceptable cluttered scene and Food have very cluttered images. Fig. 3 is the Recall and 
Precision graph of results averaged over 100 images in Dinosaurs(3(a)), Buses(3(b)), Food(3(c)). It is 
clear that precision and recall are higher when the images don’t have cluttered scene for these three 
methods. Because of attending to homogenous blocks of different size, QuadHistogram has better results 
and is more effective in cluttered images. All results shows superiority of QuadHistogram. 
In Fig. 4, the top-left one (4(a)) is the query image from Flowers category and the top ten retrieval 
results of query are sorted by similarity from left-to-right and top-to-down sequence by using of 
QuadHistogram method(4(b)) and Histogram method(4(c)). 
7. Conclusion 
In this paper color features extraction based on QuadHistogram was expressed. For specifying the 
homogenous blocks with different size, the quadtree decomposition is applied on the images. Color 
histogram and complexity are calculated. The results of QuadHistogarm is demonstrated by image 
retrieval and this results are compared with color Histogram results. Experiments were carried out by 
using a database of 1000 images. This experiments show the acceptable efficiency of this approach. 
Acknowledgements 
This work was supported in part by the Iran Telecommunication Research Center, ITRC. 
References  
[1] Lars-Jacob Hove, Improving Content Based Image Retrieval Systems with a Thesaurus for Shapes, Master’s Thesis, Institute 
for Information and Media Sciences, University of Bergen , April , 2004. 
[2] M.Keyvanpour, N.Moghadam Charkari, Image Retrieval Using Hybrid Visual Features, ICEE 2008, Tehran, Iran. 
[3] R.S. Torres, A.X. Falcao, Content-Based Image Retrieval: Theory and Applications, Revista de Informática Teórica e 
Aplicada, vol. 13, no.2, pp.161-185, 2006. 
[4] S. Panchanathan, Y. Park, et al., The Role of Color in Content-Based Image Retrieval, ICIP’00, Canada, 2000. 
[5] Y.Rui and T.S.Huang, Image retrieval: Current techniques promising directions and open issues, Journal of Visual 
Communication and Image Representation, vol.10, pp. 39-62, 1999. 
[6] J.Zhang, W. Hsu, M. Lee, An Informationdriven Framework for Image Mining, In Proc of 12th International Conference on 
Database and Expert Systems Applications, Munich, Germany,2001. 
(a) (b) (c) 
782   Fatemeh Alamdar et al. /  Procedia Environmental Sciences  10 ( 2011 )  777 – 783 
[7] R. Finkel, J.L. Bentley, Quad Trees: A Data Structure for Retrieval on Composite Keys, Acta Informatica, vol. 4, no.1, pp.1-
9, 1974. 
[8] E. Shusterman, M. Feder, Image compression via improved quadtree decomposition algorithms, IEEE Trans Image Process, 
vol. 3, no. 2, pp. 207-15, 1994. 
[9] L. Shapiro, G. Stockman, Computer Vision, Prentice Hall, 2001. 
[10] J. Liu, Y.H. Yang, Multiresolution Color Image Segmentation, vol. 16, no. 7,  pp. 689-700, 1994. 
[11] Y. Morvan, D. Farin, P.H.N. de With, Depth-Image compression based on an RD optimized quadtree decomposition for 
the transmission of multiview images, Image Processing, pp. 105-108, 2007. 
[12] S. Samah, H. Abdel-Wahab, Scalable and robust image compression using quadtrees, Signal Processing: Image 
Communication, vol. 14, no. 5, pp. 425-442, 1999. 
[13] X. Yin, I. Düntsch and G. Gediga, Quadtree Representation and Compression of Spatial Data, Lecture Notes in Computer 
Science, vol. 6499/2011, pp. 207-239, 2011. 
[14] M. Jamzad, F. Yaghmaee, Achieving Higher Stability In Watermarking According To Image Complexity, International 
Journals Of Science & Technology (Scientia Iranica), vol. 13, no. 4, pp. 404-412, 2005. 
[15] Y. Hu, J. Jiang, Low-complexity progressive image transmission scheme based on quadtree, segmentation Real-Time 
Imaging, vol. 11, no. 1, pp. 59-70, 2005.  
[16] G.J. Sullivan, R.L. Baker, Efficient quadtree coding of images and video, vol.3 no. 3, pp. 327 – 331, 1994. 
[17] Sh.Tseng, Zh.Yang, W.Huang, Ch.Liu and Y.Lin, Object feature extraction for Image Retrieval based on Quadtree 
segmented Blocks, csie, vol. 6, pp.401-405, 2009. 
[18]. M.Alavi, M.Jamzad, Using of Complex Features in Content Based Image Retrieval, MVIP 2007, Mashhad, Iran. 
[19] M. J. Swain, D. H. Ballard, Color indexing, International Journal of Computer Vision, vol. 7, no. 1, pp. 11-32, 1991. 
[20] L. Tran, Efficient Image Retrieval with Statistical Color Descriptors, Phd Thesis, Department of Science and Technology, 
Linkoping University, Sweden, 2003. 
[21] R. Datta, D. Joshi, J. Li, and J.Z. Wang, Image Retrieval: Ideas, Influences, and Trends of the New Age, ACM Computing 
Surveys, Vol. 39, No. 65, 2007. 
[22] J. Sun, X. Zhang, J. Cui and L. Zhou, Image retrieval based on color distribution entropy, Pattern Recognition Letters, vol. 
27, no. 10, pp. 1122-1126, 2006. 
[23] J. Huang, Image indexing using color correlograms, IEEE Computer Society Conference on Computer Vision and Pattern 
Recognition. San Juan., pp. 762–768, 1997. 
[24] A.B. Rao, R.K. Srihari, and Z.F. Zhang, Spatial color histogram for content-based retrieval, Tools with artificial 
intelligence. In: Proceedings of 11th IEEE International Conference, pp. 183–186, 1999. 
[25] L. Cinque, S. Levialdi, K. Olsen, et al., Color-based image retrieval using spatial-chromatic histogram, Multimedia 
Computing and System, IEEE International Conference on Multimedia Computing and Systems, vol. 2, pp. 969–973, 1999. 
[26] S. Lim, G.J. Lu, Spatial statistics for content based image retrieval, Proceedings of the International Conference on 
Information Technology: Computers and Communications, Las Vegas, Nevada, pp. 28–30, 2003. 
[27] G. Pass, R. Zabih, J. Miller, Comparing images using color coherence vectors, ACM 4th International Conference on 
Multimedia, Boston, Massachusetts, United States, pp. 65–73, 1996. 
[28] H.W. Yoo, D.S. Jang, S.H. Juang, J.H. Park, Visual information retrieval system via content-based approach, Pattern 
Recognition, vol. 35, pp. 749–769, 2002. 
[29] H.W. Yoo, S.H. Jung, D.S. Jang, Y.K. Na, Extraction of major object features using VQ clustering for content-based 
image retrieval, Pattern Recognition, vol. 35, pp.1115–1126, 2002. 
[30] E. Oja, J. Laaksonen, M. Koskela, S. Brandt, picSOM, Content-based image retrieval with self organization maps, Pattern 
Recognition Letter, vol. 21, pp. 1199–1207, 2000. 
[31] B. S. Manjunath, J. Ohm, V. V. Vasudevan and A. Yamada, Color and Texture Descriptors, IEEE Transactions on Circuits 
and Systems for Video Technology, vol. 11, no. 6, pp. 703-715, 2001.  
[32] J.Z. Wang, J. Li, and G. Wiederhold, SIMPLIcity: semantic sensitive integrated matching for picture libraries, IEEE Trans. 
Pattern Anal. Machine Intell, vol. 23, no. 9, pp. 947–963, 2001. 
783 Fatemeh Alamdar et al. /  Procedia Environmental Sciences  10 ( 2011 )  777 – 783 
                     
(b) 
                
(c) 
Fig.4. (a)Query image; (b) Query results of QuadHistogram method; (c) Query results of Histogram method 
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